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METHOD FOR CONTROLLING AN ELEVATOR GROUP 

The present invention relates to an elevator group 
control method for allocating landing calls to eleva- 
5 tor cars so that the objectives set are met. 

Among the many different tasks of an elevator control 
system, its basic function is allocation of landing 
calls. The aim in call allocation is to assign the 

10 calls to elevator cars in a manner that will optimize 
a characteristic descriptive of the system. Tradition- 
ally, the most commonly used characteristics are asso- 
ciated with call times and passenger waiting times. In 
typical solutions, averages and distributions are cal- 

15 culated from these characteristics. 

There are various methods for the allocation of land- 
ing calls, and each elevator company has its own meth- 
ods for implementing this task. However, a feature 

20 common to all these different methods is that they in- 
clude a number of parameters that are characteristic 
of each method, these parameters being used to influ- 
ence the operation of the method employed. It is pos- 
sible to use an arrangement whereby in different traf- 

25 fic situations a parameter set appropriate for the 
situation is applied. The objective here is to enable 
the system to adapt to the prevailing traffic situa- 
tion in the building. 

3 0 In a prior-art control system, a traffic detector 
monitors the operation and state of the elevator sys- 
tem and determines the prevailing traffic type and in- 
tensity. The things to be monitored are typically 
landing calls, car calls, elevator loads etc. Depend- 

35 ing on the traffic type detected, a parameter set tai- 
lored for this traffic type is applied. For example, a 
parameter set used during outward peak traffic may 
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give a higher weighting to landing calls for a travel- 
ing direction towards entrance floors than to calls 
issued from entrance floors. In peak hours, more 
weight may be given to the travel time of the passen- 
5 ger in the elevator car. When the aim is to minimize 
two or more quantities at the same time, the procedure 
adopted is called multi-goal optimization. 

A problem in the above-described method is the diffi- 
10 culty of defining the practical values of the parame- 
ter set corresponding to each traffic situation, said 
parameter sets being stored in a parameter bank. These 
parameters are sensitive to factors like building 
type, number of floors, distribution of passengers be- 
15 tween different floors in the building, number of ele- 
vators in an elevator group and properties of the- ele- 
vators. Moreover, the actual traffic in the building 
is changeable, the population distribution is not sta- 
tionary in the long term, and the operation of traffic 
20 detectors is susceptible to inaccuracy, detection er- 
rors and detection delays . 

In practice, the parameter sets in the parameter bank 
have to be assigned compromised values that function 

25 reasonably in most deliveries without individual set- 
tings. These parameter values can be set e.g. on the 
basis of simulation operation or on the basis of ex- 
pert experience. It is obvious that average parameter 
values like these will not result in optimal operation 

3 0 in the case of each building and elevator group. 

Another problem with changing the parameter set on the 
basis of traffic type is the selection of the quanti- 
ties to be weighted and the evaluation of the weight- 
35 ings . Numerous quantities to be optimized can be 
found, such as call time, estimated passenger waiting 
time, riding time travel time, number of stoppages, 
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car load, number of simultaneous car and landing 
calls, and so on. Which ones of these quantities 
should be weighted and how much in each traffic situa- 
tion? If the quantities and weightings are selected 
5 and fixed beforehand, then this is an advance selec- 
tion made by the designer, which is not necessarily in 
keeping with the needs of the owner of the building. 
On the other hand, if the quantities to be optimized 
are not to be fixed beforehand, a possible approach is 
10 to allow some freedom to the operating personnel of 
the building and let them decide themselves about the 
weightings in different traffic situations. However, 
due to the adjustments and the complexity of the' mat- 
ter as a whole, this is not a reasonable alternative. 

15 

The object of the invention is to eliminate some of 
the above-mentioned drawbacks. One of the objects of 
the invention is to serve elevator passengers in such 
a way that the energy consumption of the elevators can 

20 be kept as low as possible. In prior art, this problem 
has been approached by using indirect methods, e.g. by 
minimizing the number of starts, maximizing the number 
of simultaneous calls, using as few elevators as pos- 
sible with as large a load as possible, and so on. Al- 

25 though these measures do lead to savings in energy 
consumption, they are not based on definite energy 
data, so when referring to them one cannot speak of 
minimization but only of a degree of reduction of en- 
ergy consumption. By contrast, in the present inven- 

3 0 tion, the aim is to minimize energy consumption in the 
current traffic situation in the elevator group con- 
cerned and to disclose adjustment and control criteria 
for an elevator group so that one can unambiguously 
speak of optimizing energy consumption instead of only 

35 reducing it. However, it is to be noted that minimiz- 
ing the energy consumption does not mean that elevator 
cars do not run at all; instead, the object of the in- 
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vention is to disclose a method for serving elevator 
users at a sufficiently high service level while at 
the same time minimizing the energy consumption. 

5 As for the features characteristic of the invention, 
reference is made to the claims. 

For the minimization of energy consumption of an ele- 
vator group, it is essential to know what are the ac- 

10 tual amounts of energy consumed by an individual ele- 
vator and the elevator group in different service 
situations. Thus, the method of the invention for con- 
trolling an elevator group is based on determining the 
amount of energy consumed by each car when moving 

15 through different distances with different loads. 
Therefore, in the elevator group control method of the 
invention, a car-specific energy consumption file is 
created to describe the energy consumption occurring 
during a movement from each floor to each one of the 

20 other floors with different loads, and the calls ac- 
tive in different situations of control are so allo- 
cated that the minimization of the energy consumption 
resulting from serving all the active calls is in- 
cluded as one of the set objectives. In other words, 

25 the basic starting point in the elevator group control 
method of the invention is naturally that every call 
is served, which means that energy is consumed in any 
case. However, the number of cars used and the move- 
ments of the cars between different floors are so cho- 

3 0 sen that the total amount of energy for all moving 
cars is minimized, still always also taking all other 
set objectives into account. 

Especially in the case of large elevator groups and 
3 5 tall buildings, an additional criterion that may be 
used is maximum waiting time, in other words, a maxi- 
mum waiting time is defined and the calls are alio- 
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cated within that time while minimizing energy con- 
sumption at the same time. In particular, the method 
of the invention is advantageous to use in elevator 
groups during light traffic hours, when most of the 
5 cars can be kept standing and sufficiently good serv- 
ice can be provided using only one car or a few cars. 
Thus, in the elevator group control method of the in- 
vention, the traffic situation is monitored continu- 
ously or the traffic situation is determined before- 
10 hand on the basis of times of the day, so that always 
when the traffic intensity is low enough, the elevator 
group control system switches over to the method of 
the invention. 

15 Often the same elevator group comprises a number of 
completely identical elevators, which makes it possi- 
ble to combine the energy consumption files for dif- 
ferent elevators, and thus one and the same file can 
be used in the minimization of the energy consumption 

20 of a number of elevators. 

The energy consumption files used in the method of the 
invention can be generated in many different ways. As 
even energy consumption files generated on a very ap- 

25 proximate basis lead in the method of the invention to 
a substantially lower total energy consumption, the 
energy consumption files can be produced from mathe- 
matical models, via approximate calculations or e.g. 
suitable empirical estimations. However, the energy 

3 0 consumption file is preferably generated using actual, 
realized energy consumption values obtained via meas- 
urements . 

Thus, in the elevator group control method of the in- 
3 5 vention, preferably an approximate energy consumption 
file is first generated, consisting of a three- 
dimensional database, where the energy consumption 
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data is a function of three variables, viz. starting 
floor, arrival floor and car load. After this, the en- 
ergy consumption file is continuously updated during 
operation of the elevator group, by measuring both the 
„ r 5 load and the energy consumption- for each car for each 
separate traveling distance, i.e. the distance between 
two successive stops. The measured energy consumption 
is then stored in the energy consumption file. 

10 To allow the control method of the invention to be in- 
troduced immediately even in a new elevator group, at 
first an approximate energy consumption file is gener- 
ated, as described above. After this, the file can be 
updated e.g. by directly replacing the data in the 

15 file with the measured energy consumption data. How- 
ever, this leads to a situation where the values in 
the file are continuously changed and various distur- 
bances and similar situations may cause significant 
deviations from the optimal values. Therefore, the en- 

20 ergy consumption file is updated by changing the data 
in the file in accordance with a prescribed rule to- 
wards the measured data, so that with time and in- 
creasing amounts of measurements, the data in the file 
approach the optimal values . 

25 

In the elevator group control method of the invention, 
discrete and readily processable data items are the 
number of floors to be served and the different dis- 
tances between the floors to be served. The car load 

30 again, which may be just anything between 0 - 100 %, 
or even more, is preferably divided into suitable 
categories e.g. according to the maximum number of 
persons or relative car load. For example, if the 
maximum number of persons for the elevator car is 10, 

35 then the possible numbers of persons can be divided 
e.g. into 12 categories, with a specific category for 
each possible number of persons to be transported, 
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from one to ten persons, as well as a category for an 
empty elevator car and for numbers of persons exceed- 
ing the maximum number for the elevator car. By in- 
creasing or decreasing the number of categories, it is 
5 possible to increase or decrease the precision of the 
control method. 

When two or more elevator cars are physically coupled 
to each other, the construction is called a multi-car 

10 elevator. In the case of multi-car elevators, the load 
can be divided into suitable categories e.g. according 
to the total maximum number of persons for the cars or 
the total relative load of the cars. For example, if 
the maximuim number of persons for two elevator cars 

15 coupled together is 20 persons, then the possible num- 
bers of persons can be divided into 22 categories, 
with a separate class for each possible number of per- 
sons to be transported, from one to 2 0 persons, as 
well as a category for empty elevator cars and for 

20 numbers of persons exceeding the total maximum number 
of persons for the elevator cars. As in the case of 
single-car elevators, the categories may also be di- 
vided appropriately e.g. with 10% intervals from an 
empty car to a fully loaded car according to the total 

25 load of the elevator cars. 

The control method of the invention has significant 
advantages as compared with prior art. The method can 
be used in a simple manner in any elevator groups and 

30 it is also easy to retrofit. Firstly, the control 
method of the invention makes it possible to achieve 
significant savings in energy consumption as compared 
with conventional control methods. Using this method, 
it is possible to compare both similar and dissimilar 

35 elevators of the same elevator group to each other and 
thus to find the best control methods as well as an- 
ticipate and locate possible faults that increase en- 



ergy consumption. The method also allows effective 
comparison of dissimilar elevator groups in similar 
buildings as well as comparison of similar elevator 
groups in dissimilar buildings to each other, thus 
5 making it possible to find an- optimal solution for 
different needs. 

As an example of the updating of the energy consump- 
tion file, let us consider a situation where the en- 

10 ergy consumption data originally obtained via approxi- 
mate estimation equals only half of the first measured 
actual value. In this case, the new energy consumption 
value to be used to update the file can be taken as 
the mean of the original and the new data. When the 

15 file is updated in this manner after different meas- 
urements by the mean of the measured value and the 
file value, the file value will approach the actual 
value. This approach can also be accelerated by in- 
creasing the file value by more than half of the 

20 above-mentioned difference between the file value and 
the measured value. 

In the following, the invention will be described in 
detail with reference to the attached drawings, 
2 5 wherein 

Fig. 1 presents a diagram of the arrangement of the 
invention, and 

Fig. 2 presents a practical example of the method of 
the invention as compared with prior art. 

30 

Fig. 1 presents a block diagram illustrating the ar- 
rangement of the invention in the control of an eleva- 
tor group. Connected to the group control system 1 of 
elevator group is an energy consumption file 2 for use 
35 in group control. The energy consumption file 2 is 
maintained and updated continuously, periodically 
and/or as appropriate when necessary, by using prede- 
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termined energy models 3, on-line measurements 4, 
mathematical models 5, approximate calculations 6, ac- 
tual energy consumption data 7 from the drive system, 
and measuring devices 8. The updating may also be 
5 based on a suitable combination of the above-mentioned 
methods. The energy consumption file serves the group 
control system of the elevator group, supplying it 
with energy consumption data required for allocation 
and associated with the movements of the cars. 

10 

The energy consumption file contains data e.g. like 
different starting floors and arrival floors for the 
cars, energy balance for different loads when the car 
is moving from one floor to another, said balance in- 
15 dicating the amount of energy consumed or recovered. 
These data may be car-specific or, if all the cars in 
the elevator group are identical, then the data may be 
common to them all. 

20 As a graphic example of the application of the control 
method of the invention, the situation presented in 
Fig. 2 will now be described. It shows an elevator 
group of three elevators in a ten- floor building, each 
elevator standing now at the lowest floor, with three 

2 5 downward landing calls active at floors 6, 8 and 10 at 

the same time. 

Traditionally, when waiting time optimization is used, 
all three elevators would be started, i.e. each call 

3 0 would be served by a different elevator. In this way, 

each call would be served as quickly as possible, as 
shown in the figure on the left. 

By contrast, in the control method of the invention 
3 5 represented by the figure on the right, energy con- 
sumption is optimized, with the result that two of the 
elevators remain stationary while the third elevator 
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goes first to the tenth floor, then to the eighth and 
the sixth and further downwards according to the car 
calls. Thus, the waiting times at floors 6 and 8 are 
somewhat longer than in the case of waiting time opti- 
5 mization, whereas the energy consumption is substan- 
tially lower. 

In this case it can also be observed that the energy 
consumption optimization according to the invention 

10 works best during light traffic hours and is not nec- 
essarily usable during intensive traffic. For example, 
in the case described above, it would be possible in 
intensive traffic conditions that the car that was in- 
tended to serve all three landing calls gets a full 

15 load already at the first stopping floor. In this 
case, the waiting times at the other floors could be- 
come unreasonably long. 



